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ABSTRACT , • " * ^ ' , 

This study focuses on the body cbmposition and \ 
anthropometric measurements of 65 college football players. Body 
composition was determined by underwa'ter weighing with an accurate 
assessment of residual' volume. The anthropometric measurements- 
included height^ weighty .seven skinfolds, wais± circumferejice, and - 
wrist diameter, A step-wise mul^tiple regressi.on analysis of tTie data 
indicated .that body density and body fat could be predicted frola 
anthropometric measurements, A multiple correlation of ,96 was found 
between body density and the following thre^ independent variables^ 
*(a). waist circumference, (b) triceps skinfold, , and {cl height,) The 
team data were divided into fiVe categories by po^^ition. When 
subjected to analysis ofivariance^ significant differences at the ,01 
level' suggested that , at least two separat'e^groups, backs and linemen,* 
be used i^i future body composition studie-s of football teams. The 
estimated optimal playing weights of each player were determined by 
densitometry*, and each "player atid the coach estimated^their optimal 
weights through personal experience, -*It was, found that the players 
and the coach estimated the players optimal mean weight to be six and' 
nine {>ouads heavier, respectively ^ , than the densitometric analysis 
li^icated as o|)timal, (Author/JS), » ' 
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• ■ . Since the inception of American football, Its • piasters *have tried 
'. 'to adjust thftir weight for mJaxlnial performance at their position, 
Although much thought has been given to the problem by players, 
•coaches, trainers, and parents, their approach has been primarily of 
the inti^itive nature. Only on a few. occasions has the problem been 
approached scientifically^^'J' ^^»20)^ ^^^^ that players and . 
coaches tend to regard to-tiO^ body weight as »the primary criterion 
although several studies have demonstrated that responses measured by 
physical perfonnance tests were inversely related to, percentage of body 
fat, while having no relationship with total body weight^^'^' 

With the above in mind, it was the purpose of this investigation 
to study the following prpblems: (1) to collect densit«netric and 
anthropometric data on an entire college football team, (2) to Ojcxiipare 
the boay composition of football players by position, 6) to develop a 
regression equation to' predict body density 'fran anthropometric ^ 
/^apurements, -(4) to ccanpare data on footb*ll players in similar i ' 

s1?adies with -fiiose obtained from the present study and (5) to cranpare 
' c . • » ■ . . 

optimal playing weight as determined by densitometric techniques with . 

player and coach percep-tlbns of optimal playing weight, 

» 

Methods - « 

..The subjects consisted of 65 »iS^dates for spring football^ ^ ' 
'practice at St. -Cloud. State College, Minpesota who ranged in age froin. 
17 to 25 -years. The subjects werie cufvided by position into five 
categories* according to Wilmore an4 Haslrtll^^'^-^, The categories and 

the xiuniber of subjects were as follows » defensive backs (N = 15),' 
'" . . ' ^ • . =i • ' 

. offensive backs and receivers (N » 15), liiciebacks (N = 7), offensive • 



linfliwn and tight ends (N = •^|), ihii defensive linemen (N = 15). 

The skinfold ineisurementa were adnt^ 'the investigator who had 

previously established reliabili^:-with 'a 'Lwfce skinfold caliper (Canbpidge 

Scientific Industries, Inc.). The ;|^©eraJL. procedures, used in taking the 

skinfolds were l^ose described by Bij^ekf^^K The specific skinfolds i*ere 

chest } thigh,- scapula, and tricefiS^j'^^ pectoral and iliac crest^^^^, and 

• (17) '- ' ; 

abdomen . . The wrist diameter was ;;t^n with a . stainless steel Vernier 

caliper read to 0.1 centimeter fx^ t^e most lateral projection of the styloid" 
processes of thft radius and ulna^^DJ waigt^^r^ji was taken by placing the ' 
steel tape just superior to the iliac crests laterally and the umbilicus 
anteriorly aiid was read to 0.1 centimeter ^ ^ ^ The average of three trials 
was accepted for each meas\irement. 

Body composition was assessejl foi* ^1 subjects by the hydrostatic - 
weighing technique as described by Wilmo^V^^^) and by Wilmore and Behnlce^^^^ 
Five to eighteen wefghings were pwfonnedi and -tiie -criteria for the reiding . 
used was as follows^ (I) thfe greatest weighlJedorded if observed morj 
than ^ce, (2) the second greatest wight, if otiierved mere than once, or 
(3) , the third Highest value. JUmost without excej||ion the maadimim Height 
was observed three or four tljne:s with these hlgmyijmotivated subjects. 

Residual volume was det^imihed by the "clo^ed-arcuit oxygen-dilution 
method" as described by Wilmore^ ""^^ Two' teStfiT wi'thin '50 milliliters werp 
averaged and accepted as th'i residual voluipe. Bo^ density was detenluCned 
by the formula described by von-DcJbeln^^^r. Percent fa-t and, lean. ^imass. 
were calculated from the^fonmila developed by Brozek, et al,/.'.' 

A Univac 1100 cc»i>uter waa used to canpute all of the zerorowler' ' 
correlations, wiltlple correlations and regression equalions.-^^he ^ 
linear regression tecfinique was used for the fflultii>le correlations and 
regression analysis. ^ ' I 



The data were analyzed for the entire team arid for five categories 
according to position previoualy described by Wilmdre and Haskell 
These. data are presented in Table I. v 

The means seem to follow a pattei^ which, with minor variations, ^ 
progressejKfrom smallest to largest in the following order: defensive 
baeks, offensive backs and receivers., linebackers, defensive linanen, 
.•and .offensive linemen and tight ends.- As'Wght'Se expected, the first 
two groups were, very siiAlar, as were the last two. The linebackers 
exhibited means tending toward' those of the backs", although* in height 
9nd weight they were midway between the backs and linemen 

The matrix of zero-order correlations presented in Table il 
demonstrated that the criterion, body -density^' had high correlations , 
(r = -.80 to r = -.92) with' nine of 4e eleven independent variables. 
These high corj|ela«.ons between body density and selected ^thropoaetric ' 
measurementa generally support the findings of other studies. The 
correlations'/between body density and the skinfolds^ ^7, 21) and 
waist circumference(^7,21) higher than ik previous investigations. 
The lack of significance between body density correlations. wi$h «»rist 
diameter and height noted, in the presenf.study have been previously 
demonstrated. ' ' . 
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The step-wise nwltiple regressioA analysis yma ueed^ to (^eteririne • 
which anthropometric measures would prcLde the best 'estimate body 
density. An R of .96 was found between Ldy density. and three independent 
variables (waist circumference, tricips sLifold. and body height). An R 
of .96 was also, found betw^^^^pei^ent-favlid the saoe'thiee variables. 



- 0,00114 (triceps SP) + 



B.D. = 1.10148 - 0.00118 (wai»t circumferend^ 

\00044 (height) + 0.004l 
Percent Pat = 0.17754 + 0.48441 (waist circumference) + 0.45752 (triceps SP) 

0.17973 (height) + 1.64 



Waist circumference measured in centimeters. 
Skinfolds measiared in millimeters. 
Height ipeasured' in centimeters. 
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_ . ■ Body Density 

* 2. Height 

• 3. fiody Weight 
V * k. Pectoral 

5. Tricep 

6, ScapulJir 
J. 'Chest - ). Skinfojdis 
8. Iliac 
9* Abdomen 

10.. Thigh , 

11. Waist Circumference ' 

• 12. Wript Diameter 



.05 lerel of confidence e .24 
.01 le^l of confidence = .3T 
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Wysi^of Variance was used to. de^mdne, If the five 'subgroups were 
Significantly different in body 'density, body weight^ fat weight^ le^, ' ' 
body weight and percenW of fat. .The P ratios were significant beyond 
;Uie ..Dl level of confidence in ea^ch liastanee, . and ranged from-7.36 to 2^,20 
(.01 level* = 3.65.with k/k\^e. of freedom), 'a^e'mean differences were 
'highlf significaijt (.01 level of, confidence) -when comparing the backs with 
linemen. No significant difference Recurred between the offensive and" i 
defensive' backs or betvieen tiie offensive and .defensive linemin. 

' These differences would appear to si^gest that football players should 
be divided into at least two groups, backs and linemen/ if not into five 
groups used in the WiWe and Haskell^^O) ^ ^ ^^^^^^^ ^^^^ 

studying body composition trends. . , 

As a result of these,basic body compositional differences between'the ' 
backs and linemen, regression equations* were developed for each. For th« 
backs, an R of .97 wab found between body density (also percent fat) and four 
independent variables. ■ The R for the linemen remained ai .96. l^e equ^tipns 
are as follows: • . 

BACKS AND RECEIVERS * •• 

Body, Density = 1.02if51 -,0.00069 (abdomen/^P),. 0.OOI30 ('thigh SP) + 0.OI263 

. (wrist diameter) - O.OOO75 (triceps SP) + O.OO30. * 
Percent Pat = 31.09000 + O.27816 (abdomen SP) + 0.50982 ^thigh SP) - 5.03271' 
(wrist diameter) + d.28887 (triceps SP) ^ 1.16. 

LINEMEN, LINEBACKERS & TIGHT ENDS 

Body Density = I.17H6 - 0.00109 (waist circumference) - O.OOO72 (trlceis Spf 

- 0.00038 (chest SP) + o.004l. 
•Percent Pat ^ 4(i'i^7^5 +*0,455l6 (waist circumference) + o.2929lf (triceps SP) 
^ + 0.l50if4 (chest SP) + 1.65 * ■ 



Skinfolds measured in Wllimeters. 
, Diame.ters measxired in centimeters.' 
'Circumferences measured in centimeters. . 
. . As a result of examining the data for the baeks; and linemen ^eparately, ; 
. the regression equation for'the backs was improveii. The-H increased fiim .96 ' 
to .97 and the standard error of the estiinate decreased from 0.004l to O.OO30. 
. No improvement was made in the equation for the linemen, with' the R and 
stand^ard ei^or of the estimate Remaining the same. ■ " . 

In an effort to further demons Vate the need for dividing football players 
into two groups when- studying body cronq^osition,' the team equation was' applied 
to the linemen and to 1iie backs separately. The standard err'or of the 
estimate remained unchanged for the linemen (.o64l to .0042) but remained high 
for the -backs (.00^0 to .004l). . The equation developed:' for linemen was ttien- 
utilized tb predict the back's body density, with the standard error of the 
estimate increasing td .OO60. When the equation devel^ed for the backs 
.alone was used to predict the body density of the linemen, the standard error 
of the estimate increased'to^.0101. These findings would' appear to support 
■the contention that separate equatlbns for predicting the body densities of 
backs and linemen should be employed. .Perhaps the relative leanness of the 
backi made it possible to be .more afe'c^ate in taking 'the anthropometric 
measurements than it was for, the fatter lijiemen. This may h^ve made it ' 
possible for the development of a mors accurate equation forviiie jacks' than 
was possible 'for the linemen. • 

^ The. present stody was coapared with other studies iinrolving footb^i 

Dlavers^^»^»7,1 1,13,20) ' 

^ • r • ™e college teams were smaller' and fatter in' emy ^ - 

resi>ect than the three professional UaAe studied. A comparison of the data 
from the present study with that of. the Wilmore md Haskell study^^^^ are^ / 
presented in Table III. ' ' ^ 



Each player was, asked .what, he felt his best playing weight for ti^e 

coming spring practi-ee v«>uld be. The head coach responded to the same 

question on each player. At the same tim^, the investigators estimated ^ ' 

each players' "ideal weight" Based upon the results of the Wilmore and - 
^ 'Haskell study (20)^ ^.^^^^^^ ^^.^^^ ^^^^.^ ^ ^^^^^^ 

* . • 

defensive and offensive backs and receivers,' 15 ^rcent for linebackers, . • 
Offensive linemen and tight end; arj 18 ^percent for deferj^e lineien. .It 
was found that the players perceived their "ideal we'igj^ be 9.1 pounds 
heavier than the ideal weight selected by the investigators. The coach 
^ also overestimated t^e weight by 6.2 ix^unds. This finding, in conjunction 
^ with a negative correlation of .69 between percentage of fat and ^ard 
dash speed foi^^ players evaluated in the i4.esent stiidy, would appear to 
indicate the need for ^creased emphasis in making recent body conpositional 
findings ^more accessible to football coaches and players. It appears that 
far too much emphasis is placed upon total body weight a^d. totf little 
emphasis oh lean .body weight by the coach and the athlete. 

The present sl^idy also emphasizes the bo^, coa5x>sitional differences 
that may occur between athletes In the saiw^Jort. The linemen were 
basically heavier and flatter than the backs and .wide receivers. Prediction 
of body density and fat was inhanced by developing a specific e<iuation for 
,the backs and wide receivers. This supports th^ contention that regreision 
efluations for the prediction of bo<Jy density sppears to be specific even 
among athletes in the -same >port(3>. There is an apparent need for f^r 
studies of this, nature among individual sports thkt cover a diversity of 
body conposition Igrpes^ 
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